Abstract-Results of studies of the heat capacities of poly(vinyl chloride)-based composites that contain copper nanoparticles as a filler and are prepared via electrical explosion of wire are described. In the temper ature range T = 303-468 K at copper concentrations of ϕ = 0-0.10 vol %, the temperature and concentration dependences of the heat capacities of the composites undergo nonlinear variations. The form of the spectral distribution function of the vibration frequencies of the structural elements of the system is estimated via a harmonic approximation. Their role in the formation of the characteristic properties of the material is dis cussed.
It is known that the heat capacities (C p , C V ) of flex ible chain polymers are determined by multiple con tributions of their structural elements [1] . The major contributions come from the vibrations of the ele ments [2] , their involvement in rotational motion [3] , and the presence of defects [4] . With allowance for the fact that amorphous polymers can contain only fluctu ation structural elements with finite lifetimes (this fact does not exclude the discreteness of their shapes) [5] , it becomes evident that it is important to study the heat capacities of these materials. Despite the fact that heat capacity is not regarded a structure sensitive property to a considerable extent, measurements of this quan tity make it possible to better understand the molecu lar kinetic nature of many physical processes [2] . Studies of heterogeneous systems derived from amor phous polymers with nanodispersed metals used as a filler have attracted particular attention [6] .
Note that there is no complete theory of the heat capacity of a heterogeneous system to explain experi mental results from a single position [1] .
The aim of this study is to examine the effect of nanodispersed metal fillers on the heat capacities of linear polymers in wide ranges of temperature T and component content ϕ.
EXPERIMENTAL
The original polymer in this study was C 6359 M suspension polymerization poly(vinyl chloride) (PVC; State Standard GOST 14332 76; ZAO Kaustik, Bashkortostan).
Suspension PVC can contain residues of the initia tor, emulsifier, and protective colloids [2] ; this undoubtedly distorts the results of studies of heteroge neous systems. Therefore, the studied polymer was purified via reprecipitation. This method additionally made it possible to get rid of low molecular mass impurities. The solvent was reagent grade cyclohex anone (T b = 425.5 K, ). For a more intense dissolution of PVC in cyclohexanone, the pre pared 3% solution was heated on a water bath with a reflux condenser at a temperature of 310 K. PVC was reprecipitated from the resulting solution with a three fold volume of methanol (T b = 335 K, = 0.7925). The precipitated polymer was multiply washed with methanol on a filter and dried in air and then in a vac uum at 320 K to a constant weight for 10 h. The repre cipitated PVC was a homogeneous white powder. The molecular mass of the reprecipitated polymer was found to be , as determined through viscom etry in cyclohexanone at 295 K and calculated via the Mark-Houwink-Kuhn equation. Copper nanoparti cles were prepared via electrical explosion of wire dur ing passage of a high density electric current through it. The parameters that provide for electrical explosion of wire were calculated according to the condition
where C is the capacity, is the voltage, is the energy of evaporation of the wire, I is the current, and is the resistance of the discharge circuit. According to Eq. (1), it was found that, in the case of using a cop per wire with a length of 70 mm, a diameter of 0.12 mm, and a purity of 99.9%, the most efficient mode for preparing nanoparticles is C = 1.2 μF and V 0 = 50 kV. The particles were prepared in a reactor charged with reprecipitated PVC at a pressure of 10 5 Pa. After the explosion of 60 wires, the weight gain of the material was 1420 mg, as determined with a Kechi Abj 120 4 m analytical balance. The experi mental setup for preparing nanodispersed copper included an AII 70 pulse generator. The contents of nanodispersed particles in the PVC systems varied in the range 0-0.10 vol %. Monolithic samples of metal nanocomposites (MNCs) PVC-MNC were prepared via hot pressing in the T-p mode at 403 K and a pres sure of p = 10 7 Pa. Average size d of nanodispersed copper was determined via X ray diffraction analysis [3] . X ray diffraction patterns of the PVC-MNC sam ples with a thickness of m and a reference of with a particle size of 10-40 μm were recorded under identical conditions on a DRON 3 diffractometer in the step scan mode of the quantum counter using a nickel β filter of radiation at a wavelength of m, an oper ating voltage of 24 kV, and an anode current of 20 mA in the angular range 2θ = 34°-78°. The X ray diffrac tion patterns of all the samples exhibited diffraction peaks that (according to the JCPDS PDF2 standards) correspond to Cu crystallites and indicate the absence of CuO and Cu 2 O crystallites. The d value was deter mined from the following relationship [3]: ,
where λ is the wavelength, β d is the diffraction peak broadening, and θ is the Bragg angle. The experimental data were processed with the computer programs X Ray Scanner, X Ray Graphic 1.28, and Origin 6.0. The calculations showed that the d value is nm and does not depend on the vol ume fraction of the component.
The heat capacities of the PVC based composites were measured via the diathermic shell method with a 3427-1000°С Paulik-Paulik-Erdey derivatograph (MOM, Hungary) in the temperature range 303-468 K at a heating rate of 3 K/min according to the expression ,
where a and b are constants calculated from calibra tion of the heating curves of fused quartz. Calibration against DTA curves made it possible to express a and b in terms of the temperature differences for air and for quartz, and , respectively: , 
